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Specification 



1. TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

2. Claims 

1. A semiconductor device comprising: 

a non-single crystalline semiconductor formed on a substrate; 

a pair of impurity layers formed separate from each other on sides of said 

semiconductor; 

a gate insulating material formed on said semiconductor; and 
a gate electrode formed on said insulating material. 

2. A method of manufacturing a semiconductor comprising the steps of: 

forming a non-single crystalline semiconductor to form a channel forming 
region on a substrate and masks on said semiconductor; 

covering said masks and forming a semiconductor having one conductivity type 
on said substrate or said semiconductor and also forming an field insulating material on 

said semiconductor layer; 

removing said mask and said semiconductor layer at an outer periphery of said 
mask and said field insulating material to form a pair of impurity regions; and 

forming a gate over said channel forming region. 

3. A semiconductor device according to claim 1 wherein a conductive metal is 
provided on the pair of impurities. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates in general to an amorphous semiconductor (hereinafter 
abbreviated as AS), an semi-amorphous semiconductor with a . short-range 
micro-crystallinity in an order of 5 A through 200A (hereinafter abbreviated as SAS), 



and a polycrystalline semiconductor (hereinafter called PCS) formed on a substrate, and 
more particularly to an insulated-gate field effect semiconductor device and its 
application structure using a non-single crystalline semiconductor device (NSCS) with 
a neutralized recombination center containing 0.01 through 10«iole% of hydrogen or a 

5 halogen-group element such as fluorine or a concentration of 10 u through 10 ,8 /cm" J of 
an alkali-metal element such as lithium, sodium, or potassium. 

The present invention attempts to utilize the features of the plasma CVD method, 
to vapor-deposit an NSCS on such a substrate so that the resultant structure, specially as 
supported in the manufacturing process, may be easy to manufacture and very stable in 

10 characteristics as compared to the conventional insulated-gate field effect semiconductor 
device (hereinafter abbreviated as IGFET). The present invention features in particular 
that a plurality of semiconductor devices are merged in a matrix on the same substrate, 
thus making it possible to place in a unit region an array having a largest possible number 
of image sensors or any other photoelectric converter in an idealistic structure. 

15 The present invention includes non-single crystalline semiconductors such as AS, 
SAS, and PCS; and SAS in particular is described in the present inventor's application, 
i.e. Japanese Patent Application Laid-open Nos. Sho 56-065826 filed on April 4, 1981 
and Sho 55-120322 filed on August 30, 1980 "Semi-amorphous Semiconductors." That 
is, the present inventor found experimentally that even for in particular an 

20 amorphous-structured glass substrate or a polycrystalline-structured stainless substrate 
without single-crystallinity in a semiconductor^ example, silicon semiconductor, if 
given an optical energy of AMI (100 mW/cm 2 ), it has an electro-optical conductivity 
of 1 x 10" 3 through 8 x 10- 2 /(Qcm), which is 1/2 to 1/10, a very excellent value as 
compared to that of single crystalline silicon semiconductors. The contents of this 

25 experiment is described in pages 142 to 144 of Appl. Phys. Lett 38 (3), 1981 or partially 

— -in page 422 of "laS5 f Observation and Opt-electricai Properties of the a-Si Structure 
Containing Micro-crystals" of the Twenty-eighth Applied-Physical Society Lecture 



Meeting. 

Conventionally, such a structure is known of an IGFET using an amorphous 
semiconductor that has a cross-sectional view shown in FIG. 1. As shown in FIG. 1, on 
an insulating substrate 1 are formed gate electrodes 3 and 13 made- of a heat-resisting 

5 material, for example, molybdenum. Also, as a gate insulating film 1 1, silicon oxide is 
deposited by the CVD method to a thickness of 0.1 to 0.5 u. Next, on this insulator film 
11, an AS is formed by selectively etching only on channel-type gates 5 and 10. And, in 
an IGFET 11, n-type semiconductor layers 6 and 7 are formed using , the selective 
photo-etching method. In a p-channel IGFET 2, aluminum is formed by the vacuum 

10 evaporation method and then etched selectively, to form a source 9 and a drain 8, thus 

completing a C/MOS FET. 

In this structure, since the gate-insulating material 11 is formed by the CVD method, 
its density is not high enough, easily resulting in a short-circuit or leakage current 
between the gate electrode 3 and the semiconductor 5, so that the insulating material 
15 must be thick, e.g. 0.3 fi or larger. As a result, the gate voltage increases to 20 V to 60 V, 
thus making it totally impossible to drive the device at a so-called low voltage of 1.5 V 
to 5 V. 

For an IGFET, it is necessary to align both ends of a gate electrode 15, both ends 
of the semiconductor 5, and one end of the source 6, the drain 7, precisely. However, if 

20 the substrate has irregularities in its surface, it is totally impossible to align them within 
a precision of 1 fi or less. Consequently, a tolerance of as large as 20 to 30 -ft must be 
allowed for, resulting in an impracticable large drain voltage of 50 V to 70 V as well as 
large fluctuations in manufacturing. Moreover, on a surface 17 of the semiconductor 5 in 
contact with a so-called channel-formation region having a structure-sensitivity, there is 

25 tightly attached a semiconductor into which a p-type or n-type impurity is densely doped 
up to 0.5% to 2%, so that this region is subject to a short-circuit between_the_ source 6 and 
the drain 7 unless that densely doped semiconductor is completely removed. However, 



this region has the same main component as the underlying semiconductor 5 so that it is 

very difficult to selectively remove. 

Also, since even such a structure with completed backside as shown in FIG. 1 is 

exposed to the air, it is totally impracticable industrially in -terms of reliability and 
5 fluctuations in manufacturing in a structurally-sensitive semiconductor, mainly a SAS. 

With this, such a structure as shown in FIG. 1 is totally improper in application. 

According to the present invention, an insulating material or a semiconductor with 

a high impurity concentration covers all of the upper surfaces, lower surfaces, and side 

surfaces of an NSCS in a channel-formation region. With this, the present invention 
10 utilizes a structure sensitivity of this semiconductor, featuring an excellent gate control 

precision. Therefore, instead of conventional high-voltage drive systems using a voltage 

of 40 V to 80 V, the gate and the drain can both be controlled on a voltage of 5 V to 10 

V and, moreover, they can essentially be driven on 1.5 V through its own structure. 
Also, the present invention features such a structure as being easy to merge as well 
15 as a matrix structure in which this type of IGFETs can be highly integrated. Moreover, by 

utilizing translucent glass as a substrate having this structure, an image sensor can be 

provided which detects the optical degree on the substrate side. 



A description is made of embodiments of the present invention with reference to the 
accompanying drawings. 
20 First Embodiment 

FIGs. 2A, 2B, 2C and 2D show a cross-sectional view of an IGFET according to the 
first embodiment of the present invention and the process to manufacture it. 

As shown in FIG. 2A, An NSCS 20 is formed by the plasma CVD method to a 
thickness of 0.1 to 1.0 fx on a substrate 1, i.e. an insulating and translucent glass-made or 
25 stainless-made conductive substrate. To form this NSCS specifically, silane (e.g., 
mono-silane or poly-silane) or fluoro-silicon is diluted with a helium or hydrogen and 
then introduced into a reactor with a pressure of 0.01 to 10 torr, e.g. 0.3 torr. This 



reactive gas on a substrate heated to 100 to 400°C, e.g. 300° C undergoes glow discharge 
or arc discharge under an electromagnetic energy power of 5-200 W of a DC 
high-frequency (500 kHz to 50 MHZ, e.g. 13.56 MHZ) or a microwave (1 to 10 GHz, e.g. 
2.45 GHz), so that these reactive gas and carrier gases are transformed into a plasma, 
decomposed, and reacted with each other to form on the substrate an intrinsic or 
substantially intrinsic NSCS having a microcrytallinity. 

As shown in FIG. 2B, according to the present invention, a current flowing between 
a source and a drain is in parallel with the substrate surface. Therefore, an NSCS 
according to the present invention was formed in such a way that the substrate surface 
may be disposed in parallel with the direction of a glow-discharge or arc-discharge 
electrodes in order to maximize the horizontal electrical conductivity. 

These NSCSs in the same reactor, although dependent on the formation temperature, 
can be cfassified into an AS range with a power, e.g. 5-30 W, into an intermediate range 
with 20-30 W, and into a SAS range with 30-80 W, and also into a PCS range with 80 
W or more at a temperature of 400 °C or higher. 

Among these in particular, an AS has a short-range ordering (any rules) but no 
crystallinity, while an SAS has a crystallinity of a 5-200 A short-range order. To these 
semiconductor devices, a recombination center neutralizer made of hydrogen or a 
halogen-group element such as fluorine which neutralizes the unpaired bonds of a silicon 
semiconductor is added as much as 0.01 to 5 moles in percentage. Also, to neutralize 
unpaired bonds of this SAS which cannot be offset by such a neutralizer down to a 
concentration of 10 13 to 10 16 /cm 3 , an alkali metal such as lithium, sodium, or potassium 
having a concentration of 10 H to 10 17 /cm 3 may be added to provide an appropriate 
anti-radiation properties and frequency response. 

Thus formed SAS showed in experiment a dark conductivity of 1 x 10° to 3 x 10 
/(Qcm) and a photo-conductivity of 1 x 10* to 8 x 10- 2 /(Qcm) under the AMI conditions. 
The AS, on the other hand, showed a dark conductivity of 10" 10 to 10*/<Qcm) and a 



photo-conductivity of 10"* to 3 x 10"7(Qcrn). 

These AS and SAS may be divided upon practical use. 

At a step of FIG. 2A, a mask 21 was selectively formed into a thickness of 1 to 5 u 
using a first photo-mask (1). This may alternatively be -a silicon oxide or heat-resisting 
5 organic resin, e.g. polyimide film or PIQ by use of the vacuum plasma CVD method. 
Using this mask 21, the other regions of the NSCS 20 were removed. 
Then, on the upper surface, an AS or SAS semiconductor layer is formed to a 
thickness of 0.1 to 1.0 ^ using the same plasma CVD method as the semiconductor 20. 
At the same time, to form an n-channel or p-channei IGFET, a pentavalent impurity, i.e. 
10 phosphorous and a trivalent impurity boron were added by as much as 0.2 to 2% to 
n-type and p-type regions of a semiconductor 25 respectively. 

Then, using a photo-mask (1'), this semiconductor 25 may be selectively removed 
and formed into islands on the substrate. 

Thus, such a structure as shown in FIG. 1A was obtained. 
15 At a step of FIG. 2B, in the structure of FIG. 2B, a mask 21 was given a slight 
microwave application and then removed in an etchant. This resulted in a pair of one 
conductivity type semiconductor layers 29 and 30 as source and drain formed in regions 
26 and 27 respectively. Also, on these regions, as a field insulating material a silicon 
oxide or a polyimide resin film was formed to a thickness of 0.1 to 1.0 fi, thus creating 
20 such a structure as shown in FIG. 2. 

Then, a gate insulating material was formed to a thickness of 300-2000 A using the 
plasma oxidation method. That is, oxygen or oxidizing gas was decomposed and activated 
using a microwave of 2.45 GHz (with a power of 100-500 W). Into thus activated 
oxidizing gas, a substrate was placed at a temperature of 300-500'C, to form a 
25 silicon-oxide in its surface when the oxidizing material in particular the SAS 20 is 



silicon. 

This gate insulating material 33 may be made of silicon. nitride or alumina film 



formed using the plasma CVD method. Also, the gate insulating material may be formed 
into a 2-layer or 3-layer structure, or a semiconductor or metal cluster or film may be 
formed as a charge-capture center to provide a non-volatile memory device. These are all 
modified elements of publicly known IGFETs or -non-volatile memories. 
5 Next, using a second photo-mask (2), a filed insulating material for an 

electrode-contact opening 32 is selectively removed. 

Thus, such a structure as shown in FIG. 2C was obtained. 

Then, as shown in FIG. 2B, using a photo-mask (3), an electrode lead 36 and the 
gate electrode 35 were formed by selectively removed a film formed using the publicly 
10 known vacuum evaporation method or the electroless plating method. 

Thus, an IGFET was created. Also, to provide a second wiring, on the surface of this 
IGFET, a heat-resisting organic resin 65 such as PIQ was coated; and an electrode 
window 66 was formed using a photo-mask (4) and a second wiring 67, using a 
photo-mask (5). 

15 As can be seen from the drawings, electrode leads were all formed on the upper 

surface of an NSCS, so as to form the IGFET using only four photo-masks if including (1') 
and only three photo-masks otherwise. In addition, a pair of impurity layers constituting 
a source 29 and a drain 30 surrounds the side s uf a se miconductor layer 20 having 
channel forming regions. Also, the semiconductor layer 20 was enclosed by a substrate 

20 1 and a gate insulating material 33 at its lower surface and upper surface respectively, so 
that its structure-sensitive semiconductor 20 was not exposed to the air. Moreover, both 
ends 38 of a gate electrode 33 and one end 37 of the source 29 and that of the drain 30 
could be self-aligned conversion-efficiently to align the source, the drain, the gate 
insulating material, and the gate electrode with a high precision with an overlap error of 

25 1 ,u or less between the gate electrode 33 and the drain 30, thus resulting in a high-speed 

response of 10 MHZ or higher with a small parasitic capacitance despite the NSCS. 

Second Embodiment 

8 



The vertical cross-sectional view and the manufacturing processes of a second 
embodiment are shown in FIGs. A to C. 

These figures are drawn in the same way as the first embodiment. 

At step of FIG. 3A. on a same substrate 1 as the first embodiment, an NSCS 20and- 
5 an overlying mask 21 were formed. 

Then, using the mask 21 as a mask, the NSCS 20 was etched to provide recesses. 
This was done so in order to remove a part of the NSCS 20 beforehand so that the upper 
surface of the NSCS 20 may be in substantially the same plane as the upper surface of a 
semiconductor layer 25 having an n-type or p-type conductivity. 
10 Then, on the upper surface of thus formed semiconductor layer 25, to enhance its 
electrical conductivity, a metal layer 39 was formed which is made of tungsten, 
molybdenum, nickel, or 

any other heat resisting metal. A nickel layer, for example, can be formed by activating 
its surface down to a thickness of 0.1 to OA ft by the electrons plating method and then 

15 dipping it into a plating liquid. 

In the case where the semiconductor layer 26 is of a p-type conductivity, aluminum, 
which is a trivalent metal, may be formed to a thickness of 0.2 to 0.4 p so as to decrease 
the effective sheet-resistance of the semiconductor layer. 

Then, on the upper surface of the semiconductor layer 25, a field insulating material 
20 31 was formed in the same way as the first embodiment, to obtain such a structure as 
shown in FIG. 3 A. 

As shown in FIG. 3B, the mask 21 was removed by the lift-off method. As a result, 
the impurity layer 29 constituting the source, one end 37 of the impurity layer 30 
constituting the drain, and the field insulating material 31 or one end of the conducting 
25 film layer 30 could be self-aligned in formation and the interval between them could be 
decided based on the thickness of the semiconductor 25, to carry out high-precision 
alignment in the manufacturing processes. 



Then, the gate insulating material 33 was formed in the same way as the first 
embodiment, to obtain such a structure as shown in FIG. 3B. 

Then, as shown in FIG. 3C. electrode openings 32 and 32' were made in the field 
insulating materials 1 and the gate electrode 35, the electrode, and the lead 32- were 
5 ... formed of aluminum, nickel, molybdenum, or other metal. 

Also, on the upper surface of this structure, an Inter-layer insulating material 65 may 
be formed to provide an electrode opening 66 and a tayer-I wiring 67 as required. 

Like in the first embodiment, in the second embodiment also, if the semiconductor 
layer 25 does not undergo selective etching, only three photo-masks were necessary and 
10 four photo-masks, otherwise. 

Besides, thus created semiconductor device features that in the NSCSs 20 and 25, 
the mask 21, the electrode 35, and the conductor 33 can all be formed at 500 °C or less, 
especially at a low temperature of 250-350°C. It further features that necessary films can 
be accumulated one after another on the same substrate in manufacturing processes in 
15 such a way that semiconductor layers, insulating materials, wherein metals and 
semiconductors may not react with the previously formed ones. In particular, the gate 
insulating material is formed on the NSCS. Since the gate electrode is formed in the last 
process, it is less subject to deterioration. Also, since the conductor layer 39 re acts wit h 
a p*-type or n*-type impurity layer, it enhances the conductivity. Also, since the electrode 
20 opening 32 is formed after the gate insulating material is created, the gate electrode 35 
can easily be connected to the source 29 and the drain 30 electrically, thereby making it 
easy to form inverters and other loads. 
Third Embodiment 

A third embodiment applied the first and the second embodiments in such a way that 
25 a plurality of the above-mentioned semiconductors are arrayed in a matrix. As shown m 
- the drawing, on a translucent, substrate 1, IGFETs were arrayed in a fine manner, each of 
which was used as each element of an image sensor to eliminate the unnecessary space 
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between them. 

FIG. 4A shows a semiconductor device according to the present invention. In the 
figure, IGFETs are arrayed in a matrix in such a manner as (1, 1), (2, 1), ...(m, 1), (m, 
n), where m and n are arbitrary constants. The X-axis and the Y-axis of the. matrix are 

5 connected to a decoder 81 and a driver 82 respectively. Also, for example, one IGFET 
80 (1, 2) and another IGFET (1,1) share the same source, thus eliminating unnecessary 
space between these two impurity layers. With this, this structure is excellent in use as 
an image sensor. Moreover, the IGFET (1, 2) shared the same impurity region 32 with the 
adjacent IGFET. In total, an region required to form IGFETs in a matrix can be reduced 

10 to 1/4 of that by the prior art, thus enabling integrating four times the number of cells by 
the prior art. 

Vertical cross-sectional views of such an IGFET structure as taken along A-A' and 
B-B' are.surmised in FIGS. 4b and 4C respectively. As shown from these figures, the 
IGFET 8 share the same impurity layers 29 and 30 as the adjacent IGFET. Also, the gate 

15 electrodes 35 and 35' serve also as a wiring 85 shown in FIG. 4A. 

Since the NSCS has relatively low mobility as compared to single crystalline 
semiconductors, it is unnecessary to form an field insulating material between the IGFET 
80 (1, 2)-aad-another FET (2, 2), thereby facilitating the manufacturing processes and 
also miniaturizing each cell size. 

20 It is effective to implant oxygen ions etc. into this region during the step of FIG. 2A 

to make it amorphous and insulate it so as to decrease its electrical conductivity. 

When thus formed matrix structure was provided on a glass substrate, it was 
irradiated from the side of the substrate, so that by the decoder 81, logic 1 was stored in 
FETs 83 and 84 and logic 0, in other FETs 85, 86, and, at the same time, by the 

25 decoder 82, logic 0 was stored in an FET 87 and logic 1, in other FETs 88 and 89, thus 
making it possible to detect a (1, 1) signal. Also, if logic 0 was stored in the FET 88 and 
logic 1, in others by the decoder 82, a (2, 1) optical signal could be detected, so that by 
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scanning gradually, the optical signal according to the addresses of the IGFETs in the 
image sensor matrix could be converted into electric signals. 

Moreover, as shown in FIG. 1 for the prior art, the gate electrode was of such a 
structure- as to block an incident light sent from the substrate side. According to the 
5 present invention, however, since the incident light directly irradiate semiconductors in 
a channel forming region to generate electrons and holes there, it is possible to further 
improve the detection sensitivity as the sensor. 

Although the present invention has been described mainly with silicon, it can be 
applied to SiC x (0 < x < 1), Si^ x (0 < x < 4), and germanium and III - IV compounds. 
10 4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical cross-sectional view of a prior-art semiconductor device; and 

FIGs. 2 and 3 are vertical cross-sectional views of semiconductor devices according 

to the present invention. 

FIGs. 4 are a circuit diagram in the case where an insulating gate-type field-effect 
15 semiconductor device according to the present invention is configured in a matrix and a 
vertical sectional view thereof. 
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